This paper describes a technique for generating sparse or dense quadratic bilevel programming problems with a selectable number of known global and local solutions. The technique described here does not require the solution of any subproblems.
INTRODUCTION
Bilevel programming has become an important field of mathematical programming [Dirickx and Jennegren 1979; Kolstad 1985; Mesanovic et al. 1970] . Applications of these problem are numerous [Bard 1983; Ben-Ayed et al. 1988; Fortuny-Amat and McCarl 1981] , and a significant range of techniques have been proposed for solving these programs [Bi et al. 1991; Edmunds and Bard 1991; Gauvin and Savard 1989; Kolstad 1985] . From the :
(k -02 +Y:) + There are four cases to consider:
(1) Case 1 (Figure   1 ), where pk = 1;
(2) Case 2 (Figure 2 ), where 1< pk < 2; In each of these four cases, the feasible region 0( pk ), for (x~, yk ), is the (c) xh = (1 + pk)/2. In this case, Al = O. Consequently, Yh -Xh = -Az + A3. Choosing A2 > A3 avoids a contradiction, implies that yk -Xk <0, and yields the right endpoint of S~.
( We now examine problem QBP(~k ) for each of the four cases for Ph:
Case 1: pk = 1. In this case, the set S'z is the single point ( Case 2: 1< pk <2. In this case, depicted in Figure 2 , the set SI describes the half-line
(i.e., the points on the line xk + yk = 1 to the left of, and including, the point
(1/2, 1/2)). The set S~describes the line segment {(xk,yk):xk+yk=pk and OSxk-~k~l} (i.e., the points on the line segment joining the point (~k/2,~k/2) to the point ((1 + pk )/2, ( pk -1)/2)). The set Sz describes the Points on the line segment joining the point (1/2, 1/2) to the pOint ( p~/2, pk/2). In addition, every point in S1 U S2, except their unique intersection point (1/2, 1/2), lies outside the circle of radius r, =~, centered at (1, O). Consequently, the point (x;, y;)= (1/2, 1/2), with Qh(x~, Y:) = r~\2 = 1/4, is a local minimizer of problem QBP( p~) when 1 < pk < 2.
Case 3: pk = 2. In this case, depicted in Figure  3 , the set S'l is the same as in Case 2, S2 describes the line segment joining the point (1/2, 1/2) to the point (1, 1), and S3 describes the line segment joining the point (1, 1) to the point (3/2, 1/2). The points (1/2, 1/2) and (3/2, 1/2) are the only two points in S within the circle of radius r-h =~, centered at (1, O). Consequently, both of these points are (strict) global minimizers of problem QBP( p~), when
Case 4: pk >2. Figure   4 depicts the Iast possible case. Here the set S1 is the same as in Cases 2 and 3, Sz describes the line segment joining point
(1/2, 1/2) to the point ( ph/'2, pk/2), and S~describes the points on the line segment joining the point ( pk /2, pk/2) to the point ((1 + pk )/2, ( ph -1)/2). 
Adding Equality Constraints
Without changing either the relaxed, local, or global solutions corresponding to problem QBP( p), four types of equality constraints can be added to the problem:
(1)
x,-xj=O, where i#j and i,j~{m+ 1,..., nx}, when nx>ny=m.
(2) yt-yj=O, where i+jandi, j~{m+ 1,..., ny}, when ny>rm=m.
(3) x, -Yj = 1, where i, j G Ml, when ml >0.
x, -y, = O, where i,j = {fi + 1,..., m}, and iii and Ml through M, are redefined as in the previous section.
To guarantee the linear independence of the gradients (with respect to the lower-level variables y) of the constraints at optimality, the following conditions must hold:
(1) For type (2) constraints, the variables yt and yj of a particular type (2) constraint should appear in that constraint only; and (2) for both type (3) and type (4) 
The sparsity of Ux and UY controls the sparsity of M (and, consequently, the sparsity of the data). 
